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OUTLINE

China’s Unique Background and Future in Flue Gas

NOx Emission Reduction
- Unique Background

- Promising Future
- Special Considerations

Viable Technologies
- Combustion Modifications
- SNCR
- SCR
- Combination Methods

Economics, New Regulation, and Time of Regulation
- Reasonable and affordable NOx regulations

- Cost Comparison: Reducing one unit at 90% vs. reducing three
units at 30%

- Implementation in Steps

Can and Should China Reduce NOx in One Step to Safe
Chemical Reagent?

Can and Should deNOx Technologies be Standardized
for “Standard” Chinese Boilers?

Conclusion
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China’s Unique Background and Future in
Flue Gas NOx Emission Reduction

- Unique Background
- Promising Future

- Special Considerations
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China’s Unique Background and Future in
Flue Gas NOx Emission Reduction

- Unique Background

China started to require flue gas NOx emission reduction by its 2003’s
regulation: “Fossil-fueled Power Plant NOx Emission Standards

(GB13223-2003). The timing was such that China learns from deNOx
experiences of Japan, Germany, U.S., Taiwan, S. Korea, etc.

Effective NOx emission reduction in China must deal with sources
from a very large number of electric utility units as well as an even
larger number of retrofit industrial and electric utility units.
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China’s Unique Background and Future in
Flue Gas NOx Emission Reduction

- Promising Future

Past experiences serve as an excellent guide for
regulation, standard, and time table.

Time table and requirements should be in accordance
with China’s own situation and site-specific requirements.

China’s choices may or may not be the same as others in
the past.



1.3 F ERFERAI S B AES

G

L4

o $RIKFL M
- EAMKERXR, FMEE, REDWHS, MERITER
1% (NH3 S1ip) M SCRUEALF & F K AU

* R
- BRI K LA
B TR R
- AR

. ﬁé
- Nizfrze%)8, URFBEME R
- NOFEXARZEREFLREHE
- WER AR e




China’s Unique Background and Future in Flue Gas NOx
Emission Reduction

- Special Consideration

* Issues with Coal
— Ash quality and quantity and the large variety of Chinese coals
— Ammonia Slip control — both under normal and transient load
— Catalyst degradation

— Air heater design and operation

e (Cost

— New large electric utility units
— Retrofit electric utility and industrial units

— Space cost

e Safety
— Urea or NH, as reducing agent
— High population density and production safety
— Whenever applicable, safety of pressurized reaction vessels
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2. Viable deNOx Technologies

- Combustion Modifications
- SNCR

- SCR

- Combination Methods
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2.1 Combustion Modification

The methods involve staged burner and/or furnace.

Includes Low NOx burner/ Over-Fire Air/ Staged Combustion / Gas
Reburn / Flue Gas Recirculation, etc.

Makes good sense to install LNB’s on new large electric utility units.

LNB’s on retrofit units would require case-by-case evaluation. LNB’s on
some retrofit units may not be feasible because of coal quality, flame-

furnace configuration, and large resurrection required.

Combustion modification method alone may not satisfy a more stringent
regulation requirement. In these events, the requirement may be satisfied
by a combination of combustion modification method with post-
combustion SNCR and/or SCR method.



b o |

2. 2 EEEMHAEA A 5 v (SNCR)

SNCREAGE AR BT I IS T2

8OLFAL HH HHSNCRE AAE [E AN A il )
Fraa RKE v H T HNEPLA, $905F
AT A Bt Y HH - R TR AEE A LA
EEARBEITE R 24 ORI R H
7E600-800 MWSEZKIALEHLAL

LR AR N WS 2 Bl PR 22 S AL 2
i IR 2 SR AR A N,
B HEF AL R TR 12 (Ny) oK (H,0),
PRI D 8 A (CO,) &L
To A FH B AR i [ A

H 1 5222 I SNCREZ AR S NOx A R4 [ W
VIRLRE G R £ AT 8500C 7 12500C 2 [H].




Selective Non-Catalytic Reduction
(SNCR)

SNCR is a furnace injection technology
that does not use catalyst.

The SNCR development started in the
middle 80’s, on smaller industrial units
first and then applied widely to larger
electric utility units. It has been
successfully applied on 600-800 MW level
coal-fired power generating units.

The SNCR principle is to inject urea or
NH; into the furnace to reduce NOx to N,
and 'water. When i Injecting urea, there is
also a very small amount of CO, formed.
The entire process does not 1nv01ve or
generate solid materials.

The advanced SNCR technology may
effective utilize a temperature widow in-
between 850°C~ 1250°C.
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Selective Non-Catalytic Reduction (SNCR)

SNCR requires injection of reducing agent into the “right window” in the
furnace, thus it is important to have the design capability to properly design
to follow the reaction window. Computer Fluid Dynamic (CFD) and
Chemical Kinetic Modeling (CKM) technologies were then developed.

The SNCR automatic control follows corresponding actual SNCR reaction
WlndOW , iIndependent of type and quality of fuel. So long as there exists a
“reaction window” , SNCR performance is unaffected by the coal quality.

Typical NOx reduction rate for SNCR on large electric utility boilers are
within 25-40%. In certain “window” favored situations on other types of
unit, the SNCR NOx reduction could reach 80%.

SNCR is characterized by lower capital investment, small footprint,
excellent for retrofits, and when used on new units, NOx reduction rate may
be increased because of working with boiler OEM on increasing the
“window” for injection during the boiler design phase.
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SNCR Key Concept 1

- a “Trim” NOx Technology

SNCR NOx 100% 100% 50%
400 mg MCR  MCR MCR
Q Design Baseline
\
Operation Cost

P
Q.i\ Average Op Cost

i B N 3

200 mg NOx Control Setpoint

No Cost

SNCR “TRIM” = Inject Only the Necessary Amount Based
on the Current NOx Concentration
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SNCR Key Concept 2
- Stepwise Summed NOx Compliance

NOx NOx Emission
Reduction 400 mg
Via SNCR
260 m
Stepwise Via SNCR/SCR
NOX. HY BRID or Other
Reduction Combination
Methods
200 mg
“Flexibility”™

50 mg

Current
Standard

Stepwise
Regulation
Standards

v
Future

Standard
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SNCR Key Concept 3

- SNCR Does Not Increase SO,

[SCR Does.]

T | Ammorjia /‘“
> A

NH3 + SO; -> Ammonium Sulfate
[Ammonium Sulfate] = k [NH;] [SO;]

Will NOT make ABS when there is no ammonia or SO;.

Example: 0.3% S Fuel - 2 ppm SO;; SCR Outlet: 11 ppm
SCR: 3 ppm NH; Slip; [Ammonium Sulfate] = k [NH,] [SO,]=kx3x 11 =33k
SNCR: 15 ppm NH; Slip; [Ammonium Sulfate]=k [NH,] [SO,] =k x15 x2=30 k

SNCR has less tendency to form ABS at 15 ppm NH; Slip
compared to SCR at 3 ppm NH, Slip.
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SNCR Key Concept 4
- A Space-Saving Process

Stack Monitor—]

Enclosed Dilution Water
Pressure Control and Injector

Zone Metering Modules,
%{ Distribution Panels
Can easily lay the

process out

according to space at
site

HFD and Circulation
Module in Enclosure

[ =

NOxOUT® A
Storage
Tank
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SNCR Key Concept 5
- Sate Process Using Safe Chemical Reagent

Properties of NH,
- Extreme Danger

Properties of Urea
- Slightly Hazardous
Fertilizer
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Summary on SNCR

« Moderate NOx reduction with reasonable chemical reagent utilization.

* May relax NH; Slip as compared to SCR because SNCR does not make
additional SO;.

« Multiple level injection and good load following responses.

« Lower capital cost. Smaller space. Good for retrofit. When designed with
boiler OEM, may achieve a higher NOx reduction.

Urea-based SNCR has advantages over NH;-SNCR 1n that:
« Urea is a safe chemical; whereas, NH; is hazardous.

* No large reactor, AIG, bypass design, structural support or pressurized
vessel.

« Lower power requirement because of injecting liquid instead of gas-gas
mixing.

« Urea’s good atomization and injection characteristics make possible for
applications on large coal-fired electric utility units.
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Selective Catalytic Reduction (SCR)

Like SNCR, SCR is also a post-combustion deNOx Process. The earliest
SCR application started in 1960-70.

The “High Dust” design where SCR is placed in-between economizer and
air heaters 1s more popular. The catalyst housed reactor reduces NOx by

reacting with injected NH;.

The optimum temperature window over the catalyst 1s normally in
between 320°C ~400°C.

The most common chemical reducing agents are NH; and more recently

also urea.
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Sate SCR

Reachable in One Step
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Key SCR Concept and Status

SCR 1is most acceptable when NOx reduction requirement is over
80%.

Urea-based SCR is an improved and state-of-the-art SCR process.

Urea-based SCR was not developed when most of NH;-SCR was
installed; however, there is a new trend to convert NH;-SCR to
Urea-SCR.

Fuel Tech’s ULTRA™ and other commercial processes all have
applications including those on large electric utility boilers (=500
MW).

Urea-based SCR is now available and reachable in one-step, not
needing to convert from NH; to urea later.
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Development of Urea-Based SCR

Fuel Tech researched and developed hydrolytic urea process in early
1990’s.

Field tested and found high pressure equipment unacceptable to the
field/plant.

Abandoned commercialization of hydrolytic process even after obtaining
significant patent positions.

Fuel Tech later researched and lab tested a thermal decomposition process,
named NOxOUT ULTRA™, which is a simpler, more practical and better
process.

Currently in addition to thermal decomposition method, there are
hydrolytic methods as well.
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Basic Differences

Thermal Process

Hydrolytic Process

— Thermally controlled process
— Uses gaseous fuel or diesel oil
— Natural gas — Urea Eddies

— Fast response to load change
— Feeds 40 to 50% urea solution
— Good NH; Slip control

— Straight-forward operations
— Normally lower cost

— Operates at high pressure
— And high temperature

— High water/low urea concentration,
wasting energy on water

— Tends to form urea polymer solids
upon fast load change/demand

— Sizable storage of NH, or in
pressurized tank: defeats safety
purpose

— Poor load following capability
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NOxOUT ULTRA™ Layout

Blower

Preheated Combustion
Air, Ambient Air, Hot
Flue Gas

AIG

¢ /N Decomposition Chamber
— > Time & Temperature
»
> \\%{i Urea —> Ammonia, HNCO
Natural Gas, Urea
Propane, or
Hot Flue Gas

Same as NH;-SCR
after this Point
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Reduction [%]
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520 MW Decomposition Chamber Modeling

- a Must - have Step to Success
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540 MW CFD Modeling of Decomposition Chamber
540 MW i = Wi A1 CFD #AY
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Must-Address SCR Impact Issues

Reactor and catalyst design criteria vs. real operations (catalyst degradation).

Uniformity in gas flows (NH;/NOx) and temp. SCR flow stratification or
mal-distributions of ammonia mixing with gas or NOx.

Fuel flexibility (NH; Slip, and end of life NH; Slip = ? ppm). Quality and
type of coal.

Seasonal operation and load fluctuation (SCR and economizer bypass)
Air heater design, control and operation — performance.
Hazardous reagent inspection and supervision.

Draft capacity, and Retrofit: Draft upgrade (extra capacity in ID/FD fan),
balance, and structural reinforcement.
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SCR Air Heater Issues

Coal-fired plants’ SCR creates a potential problem on deposition of
ammonia-sulfur salts in A/H.

SO, — SO, by V/Ti0, SCR catalyst. Oxidation rate is determined by
excess O,, temp, presence of vanadium and other catalytic metals (Mn, Fe),
ash, SO, concentration, etc.

Under certain temp, velocity and concentrations, SO, will likely to
combine w/NH; to form ammonium bisulfate (ABS) which will deposit in
the cold and intermediate sections of an A/H.

ABS condenses and forms a sticky deposit at 380-540 °F. Fly ash will
adhere to ABS, creating a plugging potential.

In addition, ABS is corrosive on mild steel and low alloy steel surface of
A/H.
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Critical Temperature Zone
in Ljungstrom Air Preheater

Maximum Metal Temp

Gas Side Temperature

A

200 Degrees C

<

Minimum Metal Temp
ABS Dewpoint

Hi Dust SCR — ABS may condense on ash
/4 prior to condensation

ABS Potential Deposition
T Zone

e >« >

Cold End Layer Intermediate Layer Hot End Layer
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Potential Remedies to A/H Fouling

Frequent washing and shutdowns.

Enamel or porcelain coating of the cold end, but at the expense
of increased gas-side pressure drop and possible modifications
to structural steel to accommodate heavier baskets.

Adding more sootblowers and pumps to smooth temp gradient
across catalyst. Identify temp zone at which ABS 1s expected to
condense and high P drop. Avoid open channel surfaces and
heat surface dissipating clean media energy.

Permissible SO, oxidation rates and ammonia slip levels are
constraints given to and/or by the catalyst supplier.

Increasing ID/FD fan power.
Adding new or replacing A/H.
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Possible New Challenges from
Burning Chinese Coals

* Ash Impact
— Quantity and quality
— Poisoning
— Deactivation

« (atalyst Choice

— Larger pitch size and voids plate type catalyst preferred as a
starting catalyst in high ash loading situations

— Honeycomb type may be offered after successful testing
* Additional SO; Emissions
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Summary on SCR

NOxOUT ULTRA™ urea and NH; has equivalent deNOx
capability over catalyst.

Need to add a decomposition chamber. System is the same after
AlG.

Load following in short 5-30 seconds.

Can use high concentration urea (40 to 50%), minimizing water
and injection rate.

No high pressure system on site.

Completely safe.
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SNCR/SCR Hybrid Process

SNCR= Furnace .
Injection of Urea HYBRID Option — Add

Smaller SCR Catalyst In
i / Duct or Extended Duct

Solution

Multi-Level
/ Injectionk *
' Lances

Economizer

l [//

 —

~__

i Boiler
;= Urea ||/

Solution ¥

‘ SNCR Equipment

.
g o
. .
.......
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SNCR/SCR HYBRID Process

Developed in early 1990 by Fuel Tech and US EPA. NH; produced by
urea “in-situ”, completely eliminating need to use NH; and AIG.

Minimize negatives of both SNCR (lower NOx reduction, lower
reagent utilization rate) and SCR process (ammonia slip — ABS,
catalyst caused ID/FD fan pressure increase, ash caused catalyst
poisoning and deactivation, large space, AIG).

Increase positives of both SNCR (safe urea reagent, space saver,
straight-forward control, independency on fuel type, smaller space,
lower cost) and SCR process (higher NOx reduction).
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Main Reasons for Choosing
SNCR/SCR HYBRID Process

High SCR Cost
ABS fouled air heater, difficult NH; slip control
SCR catalyst life

High requirement for NOx/NH; mixing. Necessity of
bypass.

Ammonia storage, transport and handling.
No space.

Need to increase ID/FD fan capacity
Catalyst sensitivity to the Chinese coal
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(Gas Reburn with SNCR)

Urea/Gas FLUE GAS

~ NO, Reduction = 50-67%
5% to 7% NG Heat Ingut[ § i

COMBUSTION PRODUCTS
NO, = X mg/Nm,

93% to 95% Coal Heat Input




2.4 Hybrid Methods

- Gas Reburn with SNCR

FLUE GAS

Urea/Gas
~ NO, Reduction: 50-67%

5% to 7% NG Heat Input Y

COMBUSTION PRODUCTS

Flame Safety

93% to 95% Coal Heat Input
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Minimizing Air Heater Problems
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[ Sy
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Gas Reburn

The smaller the catalyst
the better

Combustion
Modification

The more reduction in I
furnace the better
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3. Economics, New Regulation, and Time of
Regulation

- Reasonable and affordable NOx regulations
- Cost Comparison: Reducing one unit at 90% vs.
reducing three units at 30%

- Implementation in Steps
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NOx Regulation Standard and Timetable

* Under a set reduction goal - based on technology economics
and standards affordable to owners and operators.

* Preliminary reduction goal — increase production but not

Increasing emissions.
 Ideal goal — standards set based on quality of healthy life.

« Total reduction goal — based on technology limit and

economics, not necessarily based on the number of units.

» Must provide incentives to owners and operators.
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Thoughts on New Emission Standards
and Timetable

* Should raise the standard step-by-step in accordance with
the pace of economic development.

e Higher economic development and special areas such as
coastal provinces should adopt a more stringent standard.

* Incorporate total emission reduction in the plan, prepare the
plan as soon as possible so to elevate environmental quality
during already heated wave of new power projects.
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Cost-Performance of NOx Control Technologies

A

$75-150/kW

Selective
Catalytic

$30-50/kW

$10-20/kW

NCR/SCR

g
R HYBRI

Costs are based on U.S. experiences for coal-fired
electric utility boilers with Low NOx Burners

A 4

Reduction__-

0%

| |
30% 50%
NOx REDUCTION

|
70%

Y i 0>
100%
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Cost Comparison: Reducing
One Unit at 90% vs. Three Units at 30%

The average Installed SCR Cost in the U.S., according to
Power Magazine (April issue of 2004) is as follows:

* 100 — 399 MW: $123/kW
* 400 — 599 MW: $103/kW
* 600 -899 MW:§ 81/kW
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Cost Comparison: Reducing
One Unit at 90% vs. Three Units at 30%

Technology % NOx Installed Cost in U.S.
Reduction USS$/KW

SNCR 25-40 10-20

SCR 50-85 60-140

Hybrids 55-95 SNCR<Hybrids<SCR

Data from an EPRI paper
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Cost Comparison: Reducing
One Unit at 90% vs. Three Units at 30%

Labor cost (in design, engineering services, and project management)
in China is substantially lower.

Part of equipment, after “China-ized”, can reduce cost, but at the
expense of quality, life and reliability-availability.

Raw material and steel costs are within normal differences.

Catalyst cost will reduce; however, not at a great extent due to initial
investment and importing key raw materials.

A challenge exists regarding IP protection to new and advanced
technologies, especially on the design.

“China-1zed” is a must-step. The future cost will be substantially
lower than those in the U.S. for all technologies; however, the relative
cost comparison among various technologies should be in the same
order.

From the total NOx quantity reduced standpoint, reducing 3 units at
30% has cost advantage over one unit at 90% in most cases.
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Implementation in Steps

* Merits of implementation in Multiple-steps:

— Same NOXx reduction quantity, lower capital cost.
— “Preserve — Save Space” for installation later, synchronize with
regulatory goals of reduction.

— More favorable total environment impact; however, it can be
expensive if needs to put the steel structure up early.

* Merits of implementing in one step:

— Just doing it once.

— High NOx reduction rate on a larger number of units 1s 1deal for
environmental protection.
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4. Can and Should deNOx
Technologies be Standardized for
“Standard” Chinese Boilers?
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Perspective from
Production and Industrial Safety

Urea-based deNOx technologies are mature and proven.

Extensive experiences included large coal-fired electric
utility boilers.

Prohibiting use of ammonia may be forthcoming for deNOx.

Retrofit ammonia systems may be given a buffer time to
convert to safe systems.

Regulatory agencies are considering a complete ban of
chlorine use in power and industrial plants in the entire
Beljing area.
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Perspective from
Operations and Production

* Urea has advantage over ammonia in safety especially in:

— Transport and storage including unexpected terrorist
acts and leakages;

— Permit 1ssues

— NH; slip control and pluggage and delta P caused
shutdowns

— Man-made mistakes and/or terrorist acts on pressurized
anhydrous NH; vessels
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Perspective from
Operations and Production (continuea)

* The operation cost should include costs related to:
A. Safety — Requirements related to regular production and safety

B. Risk and Safety Management — For unexpected accidents and
1ssues

* When unforeseen safety issues occur, the operation cost of
a hazardous/dangerous system and the resulting loss of
power generation can easily surpass the cost difference
between urea and anhydrous ammonia.
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A. Capital Cost Comparison (1 x 550 MW)

Item Unit Urea-SCR NI;E(;H-
Catalyst Cost Uizﬁé’é ) 1.0 1.0 1.0
Other Cost Uizti&/) ) 1.0 1.0 1.0

o b 0 | | o
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tb4c H B JRESCR | #JKSCR | Wi&SCR
ﬁﬁziéﬁ@ UI;?;i/ErE 1.0 0.24 1.30
IR % Dry base 20 100
W SRS E;;Lor (VVlz;?er) 2.84 0.57
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Operating Cost Comparison (1 x 550 MW)

: NH,OH- | Anhydrous
Item Unit Urea-SCR SCR NH, SCR
Purchase Price/weight, ,
] Ratio/ Urea 1.0 0.24 1.30
in USD/ton
Reducing Agent o Dry base 20 100
Concentration
: 1.0
Reducm.g Agent Flow Ratio/ Urea 7 84 0.57
Required, Kg/hr (Urea Water)
Reducing Agent Ratio/ Urea 1.0 0.69 0.74

Consumption Cost
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tbAi % H iy | JRZESCR | ZIKSCR | ¥ZSCR
BN AR MW 550 550 550
SEFFH NI 3 N 6,000 6,000 6,000
DeNOx & vt 77 fiir g8 15 15 15
EJRFVFEHFERALL | Ratio 1.0 0.69 0.74
B EIHFERASEL | Ratio 1.0 18.6 3.7
FERIBAT
BRASH Ratio 1.0 1.45 0.68




B. Total Operating Cost Comparison (1 x 550 MW)

: NH,OH- | Anhydrous
Item Unit Urea-SCR SCR NH, SCR
Annual Operating Hour 6,000 6,000 6,000
Hours
DeNOx System Life year 15 15 15
Reducing Agent :
Annual Cost Ratio 1.0 0.69 0.74
Cost on Electricity Ratio 1.0 18.6 3.7
Thermal
Decomposition USD 227,815 0 0
Energy Cost
Total Annual Cost| Rati
0 1.0 1.45 0.68
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Bk H #AL | FRZESCR | ZIKSCR | FHESCR
A. BEIE A Ratio 1.0 1.01 0.94
/Urea
B. FEERLIZITHRA | Ratio/ 1.0 1.45 0.68
Urea
C. FERZEEHHH 0 25,000 82,825
(EXBRIRE ) USD
D. EFEEINA A | USD 0 2 Rix2
(EXERIREHRE) 100,000 304,920
CRE TR LR Ratio/ 1 1.05 0.96
Urea

(A+B+C+D)




Overall Cost Analysis (1x550MW)

: NH,OH- | Anhydrous
Item Unait Urea-SCR SCR NH, SCR
A. Construction Cost | Ratio/ 1.0 1.01 0.94
Urea
B. Operating Cost | Ratio/ 1.0 1.45 0.68
Urea
C. Risk/Safety 0 25,000 82,825
Management USD
(Extreme Dangerous
Source)
D. Production and USD 0 If 100,000 | If 304,920
Accident Cost
(Extreme Dangerous
Source)
Total Cost Ratio/ 1 1.05 0.96
(A+B+C+D) Urea
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Cost of Urea and Ammonia in China

* Urea (100%) — average approximately USD 206.

* Anhydrous NH; (99.5%) —average approximately
USD 267.

 Ammonia Water (18-20%) - average approximately
USD 50.
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CHINA TO EXEMPT UREA
PRODUCTS FROM VAT

AsiaPulse News, June 7, 2005 pNA

BEIJING, June 7 Asia Pulse - China will exempt urea products from the value added tax
(VAT) starting from July 1 to support the production of chemical fertilizer enterprises and
ensure the stability of the domestic chemical fertilizer market during the summer harvesting
and planting period, according to the State Development and Reform Commission (SDRC).

At present, 50 per cent of VAT levied on urea products is refunded after collection. The
exemption will help reduce the annual tax burden on urea producers by 1 billion yuan.

In order to ensure urea supply on the domestic market, the state also has raised the export
duties on urea, from 260 yuan (US$31) per ton originally to a 30 per cent fixed tariff rate,
which means the export duty was raised by some 100 per cent.

Accordingly, the urea export this year will decrease dramatically. As summer is usually a
peak period for coal and electricity consumption in China, the production cost of chemical
fertilizer makers is usually higher in this period for tight energy and raw material supplies.

China produced 19.235 million tons of urea in 2004, up 10.8 per cent over 2003, according
to the National Bureau of Statistics.

FUTURE - TO CONSIDER GIVING UREA A SPECIAL PRICE
FOR USE IN AIR POLLUTION CONTROL.
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Ammonia Accidents and Headlines

* Workers Killed by Ammonia Leak.
* Massive Fish Kill.

* Yearly Ammonia Events in Washington State (1993 — 2001)
» Approximately 10% of total
* 31% of all events with injuries
* People injured 402; Ammonia caused evacuation 118 times;
* People evacuated 7527

* Of the people injured, 7.5% of New York State statistics were
ammonia-related.

* In years 1995-1997, 27.5% of chemical spills where evacuations were
ordered in Mississippi involved Ammonia.
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The add-on costs for

—EEE/EZIK /«/« . /EEZ}: /EEEEZIK ammonia development form
First Year Costs Subsequent Year’s Costs | tWo regulatory requirements:
SARA and RMPP
SARA Title III Superfund Amendment and
1tle " N Reauthorization Act (SARA).
Reporting 2,800 ~3,500 2,800 ~3,500 thorization Act (SA
annually.
. 70,000 — 140,000 The Risk Management and
RMPP Initial Prevention Program (RMPP).
An RMPP must be done
initially and usually required
RMPP Updates 20,000 ~70,000 to be updated every other
? ? year.
The findings of the RMPP
Implemef}t RMPP 75,000 ~ 100’()0() 75’()0() ~ 1()(),0()0 must be implemented, the
Flndlngs costs are incurred yearly.
R A 147,800 ~243,500 97,800 ~173,500
5% [ 2 s L

Average Annual cost

USD >165,650 /4F




Anhydrous Ammonia Management Cost

First Year Costs

Subsequent Year’s Costs

The add-on costs for
ammonia development form
two regulatory requirements:
SARA and RMPP

Superfund Amendment and
Reauthorization Act
(SARA). SARA must be
done annually.

The Risk Management and
Prevention Program
(RMPP). An RMPP must be
done initially and usually
required to be updated
every other year.

SARA Tijcle 1 2,800 ~3,500 2,800 ~3,500
Reporting
N 70,000 ~ 140,000
RMPP Initial
RMPP Updates 20,000 ~70,000
Implement RMPP 75,000 ~ 100,000 75,000 ~100,000
Findings

The findings of the RMPP
must be implemented, the
costs are incurred yearly.

Annual Cost, USD

147,800 ~243,500

97,800 ~173,500

US

Average Annual cost

USD >165,650 /year
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Summary on Cost Comparison

* The cost of using hazardous NH; can easily
exceed the cost of urea after considering the
SAFETY and LOSS OF POWER
GENERATION factor.




. AT DAE:

=S A

N

N |

TBORIEH
PREERPRY B SRR I




5. Can and Should deNOx
Technologies be Standardized
for “Standard” Chinese Boilers?
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NOx Facts

« The combustion condition and coal/fuel quality dominantly
determine NOx formation and concentration, not as much
dependent on the boiler type and design.

* Every application has its unique situation which would require
different considerations for the DeNOx technology. Therefore,
there should be an independent calculation for every boiler, with
the exception of brand new boiler startups.

» Retrofits need independent evaluation even if the boilers were
commissioned the same time. New boilers may require
independent adjustments even with the same deNOx system
design.



o i A0 5 B -

AR R
VALY

R REAYIUEX NI

I, 0 | EAK A

o WA B R ZE ], {H

B

L] HE RS A

* RANI AT R
2 REOR . AESCAT IRk A I

« it T2 A

) ) el

P N IR D>

N AEEINIE

o MAH T 2005050,

R e

.o

C Y E

JSCRA I DA 201 2 [ s 75

_ 2Rz, IARE e T IR T
H HIEDIRACR .




DeNOx vs. DeSOx

NOx formation depends not only on boiler design but also
on 1nstantaneous operation and fuel burned.

The same units may not give the same NOX profile;
whereas, SOx 1s formed only from oxidation of fuel sulfur.

If not careful, pressure increase by an SCR system could
result in undesirable boiler shutdown, rendering lower or
no power generation.

Relatively more advanced options on the DeNOx
technologies. Some do not generate or use any solids.

Be aware of residential power! Avoid possibility of
creating a pollutant by reducing one.



B RS T2

iﬂcﬂ i)
B DER A E,
EEp NA

i



6. Conclusion

Safer Technolgies Reduces
Hazards -

Avoid Unnessary Danger

and Enjoy Life - Il

Thank You!
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References on:

1) Properties of deNOx Reducing Agents, and
2) China Government’s Regulations on deNOx
Reducing Agents
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Defined in Table IV of <<GB18218-2000>> that an “Extreme Danger
Source” can be: when NH; Storage exceeds 100 ton.
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